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Neutralizing Activities of Antisera to Poxvirus Soluble Antigens
(Accepted I6 January ~974) SUMMARY Sera from rabbits that had been immunized with soluble antigens from rabbitpox or vaccinia viruses showed high neutralizing activity against the intracellutar form of rabbitpox virus, but little neutralizing activity against the extracellular form. They were almost ineffective in preventing the distant dissemination of rabbitpox virus through infected HeLa cell cultures. These results account for the disappointingly incomplete protection that was previously observed in rabbits immunized with vaccinia virus soluble antigens.
Extracts of cells infected with vaccinia or rabbitpox viruses contain soluble antigens that block the activity of poxvirus neutralizing antibody (Appleyard, I96I; Appleyard, Zwartouw & Westwood, 1964) . Immunization of rabbits with such extracts resulted in levels of serum neutralizing antibody that were considerably higher than those found after intradermal inoculation of live vaccinia virus. However, rabbits immunized with soluble antigens were protected less effectively against challenge with rabbitpox virus than were rabbits vaccinated with live virus (Appleyard & Westwood, 1964) . The reason for this anomaly was not apparent, although a similar lack of correlation between the neutralizing activity of serum and the extent of protection has been reported in other investigations of poxvirus immunity (Kaplan, McLean & VaUet, 1962; RamanaRao, 1962; Madeley, 1968; Boulter et aL I97I) .
Recently, two poxvirus neutralizing antibodies with different specificities have been distinguished (Appleyard, Hapel & Boulter, I97I; Turner & Squires, 1971) . The antibody measured in conventional neutralization tests, including those of Appleyard & Westwood (1964) , is that which neutralizes intracellular virus (ICV). The other antibody, which neutralizes extracellular virus (ECV), is detected only when a serum is tested against virus that has been released naturally into the medium of infected cell cultures. This antibody is responsible for the action of antiserum in preventing the distant spread of infection through cell cultures, as shown by the 'anti-comet' test (Appleyard et al. I97I) , and, more importantly, for the humoral aspects of protection by active or passive immunization. Lack of antibody to ECV accounts for the failure of antisera prepared against inactivated vaccinia virus to protect rabbits passively against challenge with rabbitpox virus, which, although virulent for rabbits is serologically indistinguishable from vaccinia virus. It also explains, at least in part, the incomplete protection that results from immunization with inactivated vaccinia virus (Boulter, I969; Boulter et al. I97I; Boulter & Appleyard, I973) .
We have now investigated whether the incomplete protection observed after immunization of rabbits with soluble antigens of poxviruses might also be associated with a lack of antibody to ECV. Sera from rabbits immunized by a variety of methods (Appleyard & Westwood, I964) , and stored for several years at -zo °C, were titrated for neutralizing activity against both intracellular and extracellular rabbitpox virus. The antibody titres,
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Short communications FCA, Freund's complete adjuvant; ICV, intracellular rabbitpox virus; ECV, extracellular rabbitpox virus. Sera I, 3, 4 and 5 were pools from several rabbits; serum 2 was from a horse.
expressed as reciprocals of the serum dilution giving 50 ~o neutralization (Appleyard et al. I97I ) , are shown in Table i ; titres in this and succeeding Tables are mean values from two or three estimations which normally gave results within a twofold range. Serum from rabbits infected with live rabbitpox virus neutralized the infectivity of either form of virus; antiserum prepared against inactivated vaccinia virus had extremely high neutralizing activity against ICV but little activity against ECV. These results confirm the previously observed differences between these types of antiserum. Two antisera to vaccinia soluble antigens showed good neutralizing activity against ICV but only about I ~o of this activity against ECV. An antiserum to rabbitpox soluble antigen also neutralized ICV, but had only 8 % of the activity against ECV. Thus, antisera prepared against poxvirus soluble antigens resembled antiserum to inactivated virus in having a preponderance of antibody directed against ICV, although to a less extreme degree. Table I includes also the results of anticomet tests on the sera, the anti-comet titre being the reciprocal of the highest dilution of a serum that prevents the spread of virus through the liquid overlay of infected HeLa cell monolayers (Appleyard et al. 197I) . Antisera prepared against inactivated vaccinia virus or against soluble antigens had little anti-comet activity, in spite of their high neutralizing activities against ICV. Anti-comet titres were indeed unrelated to titres of neutralizing antibody against ICV, but were approximately proportional to those against ECV.
To examine in more detail the relationship between antibody level and resistance to infection, sera from individual rabbits used for assessing the protective value of immunization (Table IX of Appleyard & Westwood, I964) were titrated for neutralizing activity against ICV and ECV. Ten animals had been immunized by four subcutaneous injections of vaccinia soluble antigens emulsified in Freund's complete adjuvant, and ten others had been vaccinated by the intradermal inoculation of 3ooo p.f.u, of vaccinia virus. The antibody titres of the sera are shown in Table 2 , together with the responses of the rabbits to intradermal challenge with 3oo p.f.u, of rabbitpox virus. Nine untreated control rabbits all had skin lesions six days after challenge and four of them died. The rabbits immunized with soluble antigens were partially protected, but less completely than those vaccinated with live virus. Within each of the groups of treated animals, there was some correlation between the titre of either antibody and the extent of resistance to infection. However, comparison between the two groups indicates that resistance was not related to antibody against ICV. The geometric mean of the neutralizing antibody titres against ICV was I o ooo for the rabbits receiving soluble antigens, compared with a value of only 4oo for the better protected vaccinated rabbits. On the other hand, the neutralizing activities against ECV were generally somewhat lower in the sera of rabbits immunized with soluble antigens than those vaccinated with live virus, the geometric means of the antibody titres of the two groups being 3o and lOO, 
50
--
IOO
--+ + +, rabbit died from rabbitpox challenge; + +, rabbit had raised skin lesion 6 days after challenge; +, rabbit developed transient lesion, disappearing before 6 days; -, rabbit developed no skin lesion. Nine control rabbits all gave a + + + or + + response to challenge. respectively. Thus, the relatively poor protection observed after immunization with poxvirus soluble antigens may be accounted for by poor production of antibody directed against ECV. We next tested preparations of soluble antigens for the presence of a component capable of reacting in vitro with antibody to ECV. Rabbitpox antiserum diluted I in IO (serum I of Table I ) was incubated at 35 °C for 16 h with an equal vol. of either vaccinia soluble antigens from rabbit skin or rabbitpox soluble antigen from HeLa cells (Appleyard et al. I964 ). The reaction mixtures were then titrated for residual neutralizing activities against ICV and ECV. The results in Table 3 show that each antigen removed both types of neutralizing antibody. Hence the poor induction of antibody against ECV is not explained by lack of the corresponding antigen in soluble preparations, although the somewhat better antibody response to rabbitpox soluble antigens (Table I) may be related to their greater blocking activity in vitro. It appears that the soluble antigens associated with ECV are less antigenic than that of ICV. In this context, it may be noted that the injection of rabbits with inactivated ECV particles also failed to induce the corresponding neutralizing antibody (Turner & Squires, I97I, G. Appleyard, A. J. Hapel & E. A. Boulter, unpublished observations) .
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